Introduction
The growing demand for energy and the necessity to cut global greenhouse gas (GHG) emissions are the two foremost issues related to designing energy and environmental policies (Fouquet 2013) . Nowadays, energy consumption accounts for around 85% of global carbon dioxide (CO2) emissions worldwide, and it is at the heart of the transformation needed to move towards a low carbon economy. There is now a worldwide concurrence that the development and diffusion of a wide range of new technologies is an important mechanism to confront climate change and energy scarcity.
The International Energy Agency (IEA) states that energy efficiency 2 measures can reduce up to 10 to 15% of global CO2 per year at no additional cost (IEA 2009) . Among the existing abatement options, the replacement of old windows and the introduction of better insulation are considered as one of the most cost-effective short term measures (McKinsey 2009 ). In fact, if the certain conditions are favorable (Gupta and Ivanova 2009) these investments could promise high positive economic returns (Peretz 2009 , Galarraga et al 2010 . However, private investments in energy efficiency that at first glance might seem economically worthwhile are not always undertaken. This so-called "energy efficiency gap" (Jaffe and Stavins1994) can be explained by existing barriers such as principal-agent problems, lack of access to capital, insufficient information, among others. Understanding these barriers is very important for the design of effective policies.
The ESCOs model is an interesting instrument that can help to overcome some of the most important barriers mentioned at the same time. An Energy Service COmpany (ESCO) is a company that is engaged in developing, installing and financing comprehensive, performance-based projects that improve the energy efficiency or load reduction of facilities owned or operated by customers (Singer and Lockhart 2002, Bertoldi et al 2007) . ESCOs are seen as an important vehicle for promoting energy efficiency around the world as many case studies show (see for example, Vine et al. 1998 , 1999 , Vine 2005 , Soroye and Nilsson 2010 , Limaye and Limaye 2011 . Recent studies have also shown that the growth potential for the ESCO industry in many different countries is remarkable. For example, based on an a database of nearly 1500 case studies of energy-efficiency projects, it was estimated that ESCO industry revenues for energy-efficiency related services in the US ranged from $1.8-$2.1 billion in 2001 and that ESCO revenues increased at an average annual growth rate of 24% during the last decade (Goldman et al 2002) .
2 Energy efficiency and conservation are different concepts. Energy conservation is defined as: "the absolute reduction in energy demand compared to a certain baseline, measured in energy units"; while energy efficiency refers to the improvement in the way energy is used to provide a product or service, and it is measured in units of output per energy unit (Linares and Labandeira, 2010) . What people really consume is not energy, but rather, energy services. Therefore, energy efficiency can help to provide the same level of energy services using a lower amount of energy (Abadie, Chamorro and González-Eguino 2009). In this article we will analyze the possibilities and limitations in the implementation of the ESCO model for the case study of the Barcelona municipal area in Spain. Our aim is to select the instruments that are recommendable for the further development of the ESCO market based on the experience in other countries and, once we have seen to what extent are they implemented in Barcelona, propose how to unlock this energy savings potential. The methodologies used in our analysis consist of qualitative data collection methods such as content analysis, semi-structured interviews and a case study analysis. The semi-structured format has been chosen because it offers a "bottom-up" perspective of the strengths and limitations of existing policies that are designed to foster the use of the ESCO model. However, a comprehensive review of the ESCO market in Catalonia, or a detailed examination of the relevant laws and regulations that apply to this market, is beyond the scope of this analysis.
The paper is organized as follows: Section 2 introduces the ESCO model and how it can help to overcome the energy efficiency gap. Section 3 outlines the main barriers to the development of this market, taking into account the political and economic incentives available in Spain. Section 4 presents the current state of the ESCO market within the Barcelona metropolitan context in the public and the private sector. The final section is devoted to conclusions. The function of an ESCO is commonly known as Energy Performance Contracting (EPC). In other words, an ESCO takes the financial risk of developing and performing measures for an improvement in energy efficiency, and recovers the investment through the savings derived from that intervention (see figure 1) . The basic steps of an ESCO project (see figure 3) 
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Technological areas in which the model can be applied
The application of the ESCO model is generally limited to the installation, renovation, implementation and/or maintenance of the following technologies: lighting, energy management devices and software, solar thermal for hot water and space heating, combined heat and power appliances, insulation, HVAC, cooking and refrigeration appliances and product manufacturing equipment (European Association of Energy Service Companies). ESCO projects vary in complexity depending on the characteristics of the technologies being used, the combination of technologies installed and the related regulations that need to be complied with in order to install each technology. Another important factor that determines the overall risk, and therefore economic viability, of an ESCO project is the degree to which future savings can be guaranteed. For instance, installing LED bulbs is considered "low-hanging fruit" for ESCOs because the savings are easily calculated and the regulatory procedures necessary for the project are minimal. On the other hand, HVAC replacements involve more complex permits and savings calculations, which may increase the perceived risk of the customer as well as that of the ESCO.
Drivers of the ESCO industry
There are many conditions that have collaborated to the birth and continuous rise of the ESCO market.
Over the next several years, the global ESCO industry is expected to maintain or exceed its current growth trajectory due to some factors, including: a) rising energy prices, b) concerns surrounding increasing greenhouse gas emissions and climate change, and c) challenges in obtaining sites and permits for new power plants and major transmission facilities (Hansen et al., 2009) . As it can be seen, the main driving forces of these companies are not only "green" or environment related; they also have to do with economic and legal factors. Therefore, energy efficiency is considered strategic for the future wellbeing of EU member states.
The Spanish ESCO industry
While ESCOs have been operational on a large scale since the early 1990s, the energy service market in the European Union is far from utilizing its full potential, even in countries with a particularly developed ESCO sector. In the case of Spain, the ESCO model could act as an important means to reduce the country's high dependence on foreign oil and natural gas. For instance in 2010, domestic energy production accounted for only 25% of the energy consumed, compared to the EU average of 47.2% (La Caixa, 2012). Over the past few years, significant amount of publicity has been given to the ESCO model in Spain. It is praised on a daily basis on a number of internet media sites and is often a central topic at trade fairs related to construction and energy efficiency. This praise is most likely a result of the sharp decline in the national construction market, recent credit and public budget restrictions and increasing energy costs. In order to stay afloat, many established construction and maintenance companies have begun to diversify by offering ESCO services for renovation projects. Moreover, a number of young energy management companies have sprouted up, offering fully-integrated energy management services to private companies and public administrations. For instance, a growing number of Spanish cities and towns have contracted
ESCOs to replace traditional incandescent street lighting with energy efficient LEDs, which have short payback periods and save considerable amounts of scarce public resources. Finally, the increase in energy costs in Spain is forcing consumers to make energy conservation and efficiency a priority.
Although the ESCO model is a proven vehicle with which to unlock the country's enormous energy savings potential, it is still new and widely unknown among Spanish citizens.
Public support for energy conservation and efficiency programs
Starting in 2004, the Spanish government implemented various programs, most notably the E4 program (National Energy Efficiency Strategy) and Plan 2000 ESCO, in efforts to promote demand-side measures in the following sectors: buildings, industry, transport, agriculture, public services and appliances. This program supported the implementation of energy audits by subsidizing 75% of the cost. Depending on the solutions proposed as a result of these audits, a subsidy was given in order to help finance the execution of the suggested actions. Also, the wind and solar industries were highly stimulated by generous feed-intariffs. However, given the current economic environment, the government has been forced to change its priorities. As a result, IDAE is expecting a drastic drop in money from the state, reduced from 61.4 million Euros in 2011 to 5.4 million Euros in 2012, as a result of proposed budget cuts.
Another budget-related issue is the expected reduction in the financial support electric companies are required to contribute to programs under IDAE's Strategic Plan for Energy Efficiency. The state's electric companies are currently in the process of asking for a reduction in this year's obligation to pay 250 million Euros. These contributions constitute the main financial support for a number of programs designed to improve and promote energy saving technologies. Thus, many planned energy efficiency programs are now paralyzed. Although each autonomous region has their own energy strategies, this constant decrease in state support for energy efficiency projects is considered a major barrier to the development of the ESCO market in Spain.
Spanish legislation
The principal EU legislation related to ESCOs is the Directive 2006/32/EC on energy end-use efficiency and energy services. The directive stresses the importance of managing end-user demand for energy and the need to improve the security of the member states' energy supplies through energy efficiency upgrades and increased generation from renewable sources. The directive also serves as a roadmap to reach international greenhouse gas emissions reductions targets that need to be attained in order to avoid disastrous impacts due to climate change. Additionally, the directive points out that, by supporting the development of energy efficient technologies, the European Community will become more innovative and competitive on the global stage. Our analysis focuses on the measures relating to increasing the availability and demand for energy services.
Each member state is responsible for enacting the appropriate legislation to carry out the objectives of the directive. The primary piece of legislation designed to achieve these objectives in Spain is the "Sustainable Economy Law", Royal Decree Law 6/2010. The law has a specific section dedicated to the promotion of the ESCO market, which outlines measures consistent with the aforementioned EU directive.
Unfortunately, as can be seen in the following summary The insufficient compliance of these framework measures to establish a healthy ESCO market mainly stems from the negative impacts of the financial crisis which have drastically restricted public budgets and redirected resources. Notwithstanding, the majority of respondents believe that an adequate framework could be in place if only the state would carry out the currently established Royal Decree laws.
Barriers to the ESCO industry in Spain
In addition to the hurdles caused by Spain's inability to comply with EU and Spanish legislation, we have identified a number of additional barriers to the development of the ESCO market in Spain, which we have grouped into the following five categories:
 Administrative: Overall, local governments in Spain are composed of inefficient decision-making structures that are extremely difficult to change; the public procurement process is lengthy and inefficient and; administrative accounting systems are not set up to efficiently realize energy cost savings.
 Technical: There are no standard and enforced measurement and verification protocols and;
there lacks a neutral third-party institution that certifies the accountability of a particular ESCO.  Market-related: Each autonomous community has their own legislation and hierarchy related to energy generation and conservation. This represents an obstacle for ESCOs to expand into several regions and therefore reach a critical mass.
Considering the reality that Spain is highly fragmented with respect to the particular energy policies and cultural environment found in each autonomous region, we became motivated to carry out an analysis of the ESCO market at the Barcelona metropolitan level.
The Barcelonian framework
Barcelona is less pollutant compared to other globally important cities in a number of metrics, such as greenhouse gas emissions per inhabitant. Even so, the government of Catalonia and the city of Barcelona are continuing to make great strides to maintain Barcelona as a clean and more energy efficient city. The principal platform designed to achieve these goals is the Institut Català d'Energia (ICAEN However, as with any new policy instrument, there are some gaps to be filled. The person responsible for solar energy projects at the Barcelona Energy Agency stated that due to underperformance, many installations only generate 30-40% of a building's sanitary hot water supply. This is the result of a moral hazard issue. The STO states that "the application of this ordinance will be done in each case depending on the best technology available." However, construction companies often use inferior materials in order to minimize the cost of installing a ST unit. Furthermore, in the rare event that the city decides to perform an inspection of a ST unit, the company knows that a fine will not be imposed. The same moral hazard situation exists for maintenance companies hired for the ongoing operation of an installation.
The PECQ does not directly address these weaknesses in the STO, but suggests the need to update the ordinance to exploit the immense rooftop area, over 109 million square meters (in 2006), of the existing buildings by encouraging the installation both ST as well as PV units. It was expressed that the use of ESCOs to install ST units on existing buildings was explored, but the small scale of the individual installations is apparently not financially attractive to ESCOs. However, as ST and PV technologies become more mature, prices will decrease and allow for shorter payback periods. This will help to decrease the perceived risk that arises from high discount rates, both for the installer and the homeowners' association. Additionally, a more innovative ESCO contract could be devised by finding a way to pool together various installations of different homeowners' associations in order to reach a desired profitability threshold. We believe that, in order to maximize its impact, the new policy should provide a favorable framework for the incorporation of ESCOs.
Use of the ESCO model in the renovation of public buildings
The relevant legislation points out that public administrations should be lead-users of the ESCO model to carry out measures for improving energy efficiency. They are required to communicate their actions and results to citizens and/or companies in order to encourage the widespread use of the model. The public entity responsible for ECE projects in government buildings is the Barcelona Energy Agency (AEB in Catalan). They have attempted to contract ESCOs to carry out ECE renovations, but unfortunately, aside from a few education centers, the Liceu renovation is the only exemplary ESCO project in Barcelonian public buildings. According to the AEB representatives interviewed, the absence of more examples of ESCO projects in the public sector is due to factors of the following nature:
 Administrative: In order to make the necessary payments to the ESCO, the AEB must deal with two independently managed municipal accounts: the "investment account" and the "maintenance account". The payments would be made by the investment account yet the energy costs savings would be captured by the maintenance account. This condition causes a split incentives issue, which prevents projects from going forward. The recently changed law dictating public procurement rules creates two main problems for ESCO projects. Firstly, the bidding process is now so long that it creates unusually high transaction costs for the ESCOs involved. Furthermore, the legal framework allows for collusion among bidders. For instance, bidding ESCOs enter in a quid pro quo situation by "exchanging" public projects. After winning the initial round, the selected  Financial: Many of Barcelona's public buildings are old and need an integrated reformation to be energy efficient, which requires a large investment. Given the current economic situation and the lack of financing sources, not many ESCOs can carry out such a large project.
 Informational: Diagnostic energy audits are performed by the AEB and then presented to interested ESCOs. Unfortunately, many times the companies claim that the audit results are not accurate since they don't allow for the desired profit margin. This adverse selection problem prevents many projects from moving forward.
To overcome some of these barriers, the AEB is taking certain actions. For example, the energy consumption of sixty (out of the approximately 2000) public buildings in Barcelona is currently being monitored through a generic, real-time software platform. The objective is to gather accurate data in order to calculate the energy consumption baseline for each building, thereby correcting the asymmetric information problem mentioned above. The agency plans to extend the use of this software to more buildings in different districts. As a solution for the administrative problem, the AEB noted that the Consortium for Education of Barcelona provides a decentralized management which allows education centers more budgetary autonomy. This has enabled a number of centers to carry out an ESCO project.
The AEB suggested that this model be replicated for other types of public buildings in order to increase the number of ESCO projects in public buildings (CEB 2012).
A case study: using the ESCO model in the private arena
Sol Solar is a Barcelona-based company that designs and installs ST units. The company recently acted as an ESCO to develop and implement a ST project, consisting of 64,64 m 2 of solar thermal panels, a 1.500 liter cistern and a monitoring system, for a 30 year-old multi-family apartment building in the city of Barcelona. The objective was to reduce by 50-60% the building's natural gas consumption used for the supply of sanitary hot water. The contract stipulates that Sol Solar is responsible for the installation and maintenance for a period of six years as well as guaranteeing the stated reduction. The form of payment to the company is strictly based on the amount of natural gas saved as compared to a two-year baseline level of consumption.
Sol Solar states that, acting as an ESCO, they face many of the barriers previously described in this analysis, notably informational barriers represented by the influence of bad references related to unsuccessful installations and the lack of confidence in the way the amortization and savings are calculated. To help overcome these barriers, to ensure the viability of the project and to allow for a contract that would be easy for the customer to understand, Sol Solar targeted buildings with certain consumption characteristics. Specifically, the technical feature essential for the successful implementation of the project was the existence of a centralized water heating system. The original agreement was that Sol Solar would cover 100% of the cost of the installation, with ICAEN agreeing to reimburse 30% and the City Council of Barcelona another 15%. However, due to the fact that this was the first project of its kind in the city, the municipal legislation didn't stipulate a viable formula to deliver the payment to the involved ESCO and in the end, a negative response was given. Therefore, the homeowners' association agreed to be responsible for the uncovered 15% of the installation costs. As of May 25 th , 2012, a full eight months after the completion of the installation, ICAEN has yet to make the promised reimbursement. Additionally, during the six-year contract period, the homeowners' association pays the calculated monthly baseline amount; the actual consumption is paid to the natural gas company while the difference between the actual consumption and the baseline is paid to Sol Solar. It is also interesting to note that besides the kWh saved, Sol Solar's monthly invoice informs the customer about the number of kilograms of CO2 avoided and the m 3 of natural gas that do not need to be imported. Once a year, any deviations from the calculated consumption are resolved. When the contract terminates, ownership of the installation is turned over to the homeowners' association, at which point they will only pay for their actual consumption (roughly 50-60% less than the baseline consumption). If desired, Sol Solar shall offer a maintenance contract to ensure that the installation continues performing optimally in return for 10% of the yearly natural gas savings.
During the first three months of operation, the installation has saved the equivalent of 30,000 kWh, representing a 32% savings compared to the historical consumption during the same period. According to the president of the homeowners' association, the results have been consistent and highly satisfactory in the first eight months of operation. As a consequence, these significant savings have reversed the initial skepticism expressed by some neighbors. With regards to the expected barrier created by unfamiliar contract conditions and payback period calculations, our interviewee expressed that no difficulties were encountered. The only unforeseen issue was the necessary reinforcement of the roof in order to support the weight of the solar panels, which was a minor inconvenience. Worth mentioning is the fact that the project's success has attracted international attention and has been visited by a commission interested in replicating it in the Italian residential sector. This demonstrates that existing ST technology is sufficiently mature and reliable with clear savings potential. Our case analysis concludes that, in Barcelona, it has only been adopted by very few "innovators". The Sol Solar case shows how an established local policy framework mechanism inspired a ST company to experiment using the ESCO model in an untapped market. The diffusion of this technology, as well as solar photovoltaic, throughout Barcelona's residential buildings depends on the proper implementation of the soon-to-be extended STO. It is expected to provide the adequate mechanisms to foster the installation of both types of solar technologies on the roofs of existing buildings.
We suggest that the updated version of the STO provide for a special fund to help cover initial installation costs in order to reduce the risk that most small ESCOs face when taking on a project and help to kickstart the market. Then, as solar technology prices fall and citizen awareness is generated, this fund should be gradually phased out to allow the market to become self-sustaining. Providing loan guarantees may also be an effective way to reduce financial risk for ESCOs.
Conclusions
This paper introduces the ESCO model as an instrument to overcome the "energy efficiency gap", and analyses the case study of Barcelona, both from the public and private perspectives. The aim is to provide, based on the analysis of the international and national experience, what are the recommendable instruments for the further development of the ESCO market in Spain.
Our analysis has identified weaknesses in the ESCO ecosystem of the following nature: Administrative, Technical, Financial, Informational and Market-related. Thus, our conclusions will be organized into these categories.
Administrative
Our interviews with the actors involved in the Barcelona ESCO ecosystem have confirmed that there are fundamental limitations resulting from inefficient administrative structures, both at the city and national levels. Firstly, procurement processes are too long and not designed to incorporate the distinctive characteristics of the ESCO model. This produces high transaction costs for ESCOs. Furthermore, based on recent attempts to carry out ESCO projects, Barcelona's public bidding procedure has been unable to prevent collusion among bidders, leaving many projects abandoned. Another major administrative issue is the fact that the current city hall accounting system doesn't allow for the energy cost savings to be captured by the fund that pays for the renovation.
We find it very necessary for the Spanish government to eliminate the present barriers to the development of the ESCO market. In that respect, local city council/Provincial governments may be more agile than the Spanish government to overcome these barriers as they have a much better understanding of the local conditions. In addition, the full-scale implementation of a mechanism to certify buildings based on their energy efficiency is an essential starting point for gathering information in order to develop adequate policies.
Making fundamental and innovative changes to administrative structures is highly complex and involves the participation of many members of government. However, in our opinion, two types of reforms should be made to the current contracting law to be able to carry out ESCO projects: shorten the length of the public procurement process and adapt the conditions to the distinctive characteristics of the ESCO model.
Technical
To ensure promised energy savings have been achieved over the contract duration, there exists an internationally accepted procedure called the International Performance Measurement and Verification Protocol (IPMVP). The appropriate policy reforms should be made to make this protocol mandatory in Barcelona in order to assure customers that guaranteed savings have actually been delivered despite changes to variables related the climate, the building and its use over time.
Financial
Sol Solar's case is just one demonstration of how new energy-saving technologies have been improving their performance, and therefore they provide a reasonable payback period with a continously decreasing risk for investors.
Currently, the lack of adequate financing schemes for ECE projects prevents small and medium-sized
ESCOs from taking on large renovations. This is a major factor inhibiting the further development of Barcelona's ESCO market. Currently however, due to the economic crisis, commercial financial institutions are more interested in the "low hanging", easy projects, thus limiting activity with longer projects and in some client segments (for instance in the residential sector). Therefore, cash-flow based financing would be the appropriate solution for ESCO projects, where the bank would accept the stream of revenue coming from energy cost savings as collateral.
Informational
We have found that, in addition to true ESCOs, there are many companies that claim to be ESCOs but are not compensated in function of the energy cost savings generated by a renovation. We suspect that the local ESCO ecosystem could benefit from an official certification scheme specially designed for these companies. ESCOs could specialize in servicing customers with specific consumption profiles (schools, sports centers, supermarkets, etc.), generating higher quality services and minimizing skepticism of potential clients.
In addition, most of our interview respondents expressed that the lack of reliable data related to the building sector is one of the main obstacles for successful implementation of energy efficiency policies.
The implementation of a professional and accountable energy audit scheme is recommendable in order to gather reliable information regarding the energy consumption profile of each building. This information would be helpful to establish an adequate work plan for future renovations.
Furthermore, the AEB's buildings monitoring program should be extended to the rest of Barcelona's public buildings and eventually to residential and industrial buildings. This would reduce the existing asymmetric information problem between the AEB and the bidder companies with regards to the audit results.
With respect to another identified asymmetric information problem, we believe that the incorporation of an ESCO contract into the new version of the STO could prove to be an effective solution for overcoming the above mentioned moral hazard issue. By forcing the construction or maintenance company to receive compensation strictly based on the amount of energy savings that are generated by the unit, the company would be incentivized to use the most effective materials to install the unit in order to ensure high efficiency, and thus, a quicker payback period.
Market-related
On a national level, efforts should be made to unify the differing regional regulations relating to ESCOs.
This would create conditions for a bigger and more attractive market, allowing for a critical mass to be reached. More competition will also lead to better quality energy services and lower prices for consumers.
Additionally, a bigger, more competitive market would help Spain become more energy efficient, less contaminant and more energy independent.
In conclusion, we hope that the findings presented in this article have contributed to uncover the fundamental obstacles to the widespread implementation of the ESCO model in Barcelona, as well as throughout the rest of Spain. Some of the identified barriers are simply due to incomplete or inaccurate information while others are directly linked to bureaucracy and the inefficient execution of government policies and procedures. Indeed, given the slow evolution of policy framework conditions, perhaps a deeper investigation into the role of financing institutions as an enabler of innovative business models in the energy efficiency space is warranted.
